Abstract: The paper describes the synthesis of 3-amino-4-phenylthieno[2,3-c]isothiazole and ethyl 3-amino-4-phenylthieno[2,3-c]isothiazole-5-carboxylate and their utilization to prepare a range of azo disperse dyes. These novel aryl azo dyes were studied with respect to their colour and constitution relationship. The application of these dyes on a polyester fabric and their fastness properties were evaluated. These dyes were characterized by NMR, IR and visible absorption spectroscopy.
INTRODUCTION
The use of heterocyclic intermediates, such as amino substituted thiazole, 1,2 benzothiazole 3-6 and benzoisothiazole, 7, 8 is well established, and the resultant dyes exhibit better tinctorial strength and brighter dyeing than their conventional carbocyclic counterparts. Heterocyclic based azo dyes are not only important for their excellent properties as disperse dyes for polyester fabrics; they have also been used in non-textile applications, such as lasers, functional dye applications, reprographic technology, photodynamic therapy and non-linear optical systems. 9, 10 Many dyes with good fastness properties to light as well as sublimation are prepared from isothiazoles. These dyes can be used to dye cellulose acetate, nylon, polyester and modified acrylic fibres. In the designing of disperse dyes, linear conjugated structures including a versatile small heterocyclic system, play an important role in obtaining deep hue dyes and in bringing about improvements of dyeing and fastness properties. The dyes derived from fused amino isothiazoles could well be used to produce bright shades with adequate light fastness and dyeability on cellulose acetate.
In this communication, the facile synthesis of two novel thieno [2,3-c] isothiazole intermediates with diazotizable amino group, and of new azo disperse dyes (1a-f), (2a-f) derived from them for application to polyester fabrics, is described.
RESULTS AND DISCUSSION
It was envisaged to synthesize novel thieno [2,3-c] isothiazole derivatives possessing an isothiazole moiety fused to a thiophene structure with a phenyl ring for extended conjugation. For this purpose, acetophenone and ethyl benzoylacetate were selected as the starting materials. They were reacted with 2-cyanothioacetamide and sulphur in presence of morpholine following the Gewald procedure to yield the key intermediates, 3-amino-4-phenylthieno [2,3-c] isothiazole and ethyl 3-amino-4-phenylthieno [2,3-c] isothiazole-5-carboxylate. The characteristic data of the isothiazole derivatives were obtained by elemental and spectral analyses and are presented in the Experimental. The IR spectra of the isothiazole derivatives showed absorption bands of the amino group at 3330 and 3410 cm -1 . The 1 H-NMR spectra of the two intermediates showed a 2H singlet of an amino group at d 2.4 and d 6.2, respectively, which were D 2 O exchangeable. All data confirmed the expected structure of the isothiazole intermediates.
These two amino compounds (6a), (6b) were diazotized using nitrosylsulphuric acid in glacial acetic acid and coupled with various substituted N,N-dialkylated anilines to yield the title novel azo dyes (1a-f), (2a-f) (Scheme 1) in good yields. The physical properties and characteristic data of dyes (1a-1f), (2a-2f) are presented in the Experimental for each of the azo derivatives. The IR spectra of the hetarylazo dyes showed bands at 1580-1645 cm -1 due to the azo group. The peak corresponding to the amino group at 3330 cm -1 and at 3410 cm -1 for the intermediates (5a) and (5b), respectively, were absent in all the dyes. The absorption spectral characteristics of the dyes prepared in this study are summarized in Table I . The absorption maxima for the dyes were in the range of 540-572 nm. As expected, the incorporation of an ethoxycarbonyl group resulted in a bathochromic shift in the range of 4-16 nm. All these dyes have quite high e max values. The colour values of the dyes on polyester fabric are shown in Table III . There appears to be a general correlation between the hues of the dyeings on polyester with the absorption characteristics observed in solution. All the dyes were found to be brighter from the L * values, redder from the a * values and bluer from the b * values.
EXPERIMENTAL

Materials and methods
The materials used were of technical grade. All the melting points are uncorrected and are in ºC. The infrared spectra were recorded on a Bomem Hartman and Brawn MB-series FTIR spectrophotometer. The 1 H-NMR spectra were recorded on a Hitachi 60 MHz instrument R-1200C and the chemical shifts are given in the d (ppm) scale. Absorption spectra in dimethylformamide solutions were recorded on a Genesys-2 spectrophotometer. The dyeing on polyester fabric was performed using the High Temperature High Pressure dyeing method. The dyed fabrics were analyzed colourimetrically using a CE-7000A, Gretag Macbeth computer colour matching system and its accessories. The colour values were expressed in the CIE L*a*b* system. The light fastness testing was conducted according to the test method BS 1006, the wash fastness testing according to the AATCC Test Method 61-1996 and the rub fastness testing was performed using the AATCC Test Method 8-1995.
Synthesis
Synthesis of 2-amino-4-phenyl-3-thioacetamidothiophene (5a). A mixture of acetophenone (12.00 g, 0.1 mol) (3), 2-cyanothioacetamide (10.20 g, 0.1 mol) (4) and sulphur (3.20 g, 0.1 mol) in 20 ml absolute alcohol in presence of morpholine (3-4 drops) as catalyst was heated on a water bath at 60-65 ºC for 4-5 h. The reaction mixture was cooled to room temperature, whereby the product precipitated. It was then filtered, washed with cold ethanol and dried. The crude product was recrystallized from dimethylformamide to give pure 5a (15.21 g, 65 %) m.p. 172-173 ºC. Elemental analysis. Calcd. for C 11 H 10 N 2 S 2 : C, 56.41, H, 4.27, N, 11.96. Found: C, 56.29; H, 4.11; N, 11.98.
Synthesis of 3-amino-4-phenylthieno[2,3-c]isothiazole (6a).
2-Amino-4-phenyl-3-thioacetamidothiophene (5a) (2.34 g, 0.01 mol) (3) was suspended in 120 ml ethanol and heated to boiling under stirring. Aqueous hydrogen peroxide (24 ml 30 %) was added rapidly to the reaction mixture and a clear solution was obtained in two minutes. The reaction mixture was cooled to room temperature and diluted with water (80 ml). The precipitated solid was filtered, washed with water, dried and crystallized from dimethylformamide to give 6a (1. 
Synthesis of ethyl 2-amino-4-phenyl-3-thioacetamidothiophene-5-carboxylate (5b)
. Acetophenone (3a) was replaced with ethyl benzoylacetate (3b) and the same procedure as for 5a was followed to synthesize the titled intermediate (5b) (1.96 g, 64 %) m.p. 141-143 ºC. Elemental analysis. Calcd. for C 14 H 14 N 2 O 2 S 2 : C, 32.67; H, 4.57; N, 9.11. Found: C, 32.34; H, 4.69; N, 9.01.
Synthesis of ethyl 2-amino-4-phenylthieno[2,3-c]isothiazole-5-carboxylate (6b)
. Ethyl 2-amino-4-phenyl-3-thioacetamidothiophene-5-carboxylate (5b) was taken in place of 2-amino-4-phenyl-3-thioacetamidothiophene (5a) and the procedure followed was same as that for 6a (2. 
3-{[3-Acetamido-4-(N,N-bis(2-hydroxyethyl)amino)phenyl]azo}-4-phenylthieno[2,3-c]isothiazole (1d
): d 1.9 (s, 3H, CH 3 ), d 2.2-2.6 (m, 8H, CH 2 ) d 7.1 (s, 1H, NH) (D 2 O exchangeable), d 7.2-9 (m, 9H, aromatic), d 9.1 (s, 2H, OH) (D 2 O exchangeable).
3-{[4-(N,N-Bis(2-hydroxyethyl)amino)-3-methylphenyl]azo}-4-phenylthieno[2,3-c]isothiazole (1e
